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ABSTRACT 

The X-ray source RX J0002+6246 was discovered close to the supernova remnant CTB 1 in a 
ROSAT observation performed in 1992. The source phenomenology (soft spectrum, apparent 
lack of counterparts, possible pulsations at 242 ms, hints for surrounding diffuse emission) 
led to interpret it as an isolated neutron star in a new supernova remnant. We have analysed 
an archival XMM-Newton observation performed in 2001. The source coordinates, as com- 
puted on the XMM-Newton images, coincide with those of a bright source listed in optical 
and infrared catalogues. The X-ray spectrum is well described by an optically thin plasma 
model. No fast pulsations are seen, nor clear evidence of a supernova remnant associated to 
the source. Thus, we conclude that RX J0002-I-6246 is not an isolated neutron star, but the 
X-ray counterpart of the bright optical/infrared source, most likely a F7 spectral class star 
located at about 0.2 kpc. 
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1 INTRODUCTION 

Most of the observed isolated neutron stars are identified as pul- 
sars, whose emission derives either from rotational energyjoss^,^ 
asmagnetars, powered by magnetic field deca v (e.g..lManchestei) 
|2004 . The central compact objects (CCDs; see lPavlov et alj2002h 
remain perhaps the least understood members of the isolated neu- 
tron stars family. These X-ray sources are located within supernova 
remnants (SNRs) and, despite intensive campaigns, have not been 
detected as radio or optical sources so far. CCDs are seemingly 
young (< 10* years) isolated neutron stars, with steady X-ray fluxes 
(with the notabl y exception of IE 16 1348—5055 at the centre of the 
SNR RCW 103: lDe Luca et aLb OOe"). soft thermal spectra, and lack 



of surrounding pulsar wind nebulae. Two CCOs out of seven are 
pulsating sou rces: IE 1207.4- 5209 in G 296.5-1-10.0, with period 
P = 424 ms jZavlin et alJlioOOn. and P SR J1852-H0040 in Kes79, 
with P = 105 ms dOotthelf et alj|2005l) . Both sources have small 
spin-down rates with period derivatives P < 2 x 10^^** s s^^ 
dOotthelf & HalDernll2007l : iHalpem et all2007l) . 

The current sample of CCOs includes seven "confirmed" 
sources and four "candida tes". The confirme d CCOs are the cen- 
tral sources in RCW 103 jTuohv & Garmire|[r9 80). G296.5-F10.0 
(Helfand & Becker 1984'), Pup A (Pe tre et al.l 11996). Vela Jr. 
aAschenbach. ,1998) . G 347.3-0.5 dSlane et alj [l999i) . Cas A 



* Based on observations obtained with XMM-Newton, an ESA science 
mission with instruments and contributions directly funded by ESA Mem- 
ber States and NASA, 
t E-mail: paoloesp@iasf-milano.inaf.it 



( iTananbaunJ Il999h . and Kes 79 jSew ard et al '2003*). The 
candidates are those in G 349 .7-1-0.2 (Lazendic et al. 2005b, 
G 15.9-^0.2 jRevnolds et ai]|2006h . G 330.2-H1.0 j Park et alj |2006r) . 
and RX J0002-I-6246 in G 1 17.9-1-0.6 jHailev & Craia 19950 , which 
is the object of our research. 

The X-ray point source RX J0002-f6246 was discovered with 
the PSPC instrument on board ROSAT near the supernova rem- 
nant CTB 1, during a ~9 ks long observ ation carried out on 
1992 August 16-17. iHailev & Craid ( Il995l) reported the position 
R.A. = 00''02™54n, Decl. = 62°46'23" (epoch J2000). The 
observation showed a hint of a faint shell of soft X-ray emission 
(G 1 17.7-H0.6), proposed as a SNR assoc iated with RX J0002-I-6246 
jHailev & Craig|l995l : ICraig et aljl997h . The spectrum of the point 
source was fitted using a blackbody attenuated by interstellar ab- 
sorption, with fcaT ~ 0.15 keV. Assuming a distance of 3 kpc 
jHailev & Craid 19951) , this corresponds to a 0.5-2 keV luminosity 
of ~2 X 10^^ erg s ^ (where we ind icate with dN the distance in 
units of N kpc). iHailev & Crai3 ( 1 19951) also found some evidence 
for a possible periodicity in the X-ray emission of RX J0002-I-6246 
with period P = 242 ms. Based on these results, IHailev & Crai3 
Il995il proposed that RX J0002-I-6246 is an isolated neutron stat- 
in a SN R. Furthermore, the absence of counterparts at o ther wave- 
lengths jHailev & Craid 1995l : lBrazier & JohnstonI 19991) suggested 
that RX J0002-H6246 could be a CCO. 

In 2001 RXJ0002-I-6246 has been observed for 33 ks with 
XMM-Newton. IPavlov et"ail j2004l) reported results of the analy- 
sis of those data. The spectrum was fitted by a two-component 
model: a soft blackbody with temperature fcaT ~ 0.1 keV and a 
hard component, either a second blackbody with ksT ~ 0.5 keV 
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or a power-law with photon index F ~ 2.6. Any periodicity was ex- 
cluded, as well as the presence of a SNR around the source. They 
concluded that RX J0002-I-6246 is most likely a middle-aged pulsar 
rather than a CCO. 

Here we report on a re-analysis of the XMM-Newton observa- 
tion of RX J0002-I-6246. This paper presents evidence that, contrary 
to previous claims, the X-ray source RX J0002-I-6246 is neither a 
CCO nor a pulsar, but rather a non-degenerate star. We have also 
identified its likely stellar counterpart using near-infrared data. 



2 OBSERVATION AND ANALYSIS 

The XMM-Newton X-ray observatory observed the field of 
RXJ0002-I-6246 for 33 ks in 2001, from August 22 17:16 UT to 
August 23 02:30 UT (observation ID: 0016140101). The data were 
collected with the EPIC instru ment, which consis ts of two MOS 
jTumer et al.l200lh and one pn ( IStruderetalj200lh cameras sensi- 
tive to photons with energies between O.I and 15 keV. The EPIC pn 
was operated in Small Window mode (time resolution 6 ms) while 
the EPIC MOS had the MOS I and MOS 2 units in Full Frame 
mode (time resolution 2.6 s). Both the pn and MOS mounted the 
medium thickness filter. 

All the data reduction was performed using the Science Anal- 
ysis Software (SAS) software packag^B version 7.1. The raw ob- 
servation data files were processed using standard pipeline tasks 
(EPPROC for pn, EMPROC for MOS data). 

We selected events with pattern 0-4 and pattern 0-12 for the 
pn and the MOS, respectively. To obtain the results presented in 
this work we filtered the data to reject intervals with soft-proton 
flares, reducing the net exposure time to 10.4 ks for the pn detector, 
18.3 ks for the MOS 1, and 18.5 ks for the MOS 2. 



2.1 Spatial analysis 

For the imaging analysis we used the EPIC MOS data, since the pn 
camera in Small Window mode covers only a 4' x 4' sky region, 
while MOS cameras were exposed in Full Frame mode, providing 
a 30' diameter field of view. 



Figure 1. XMM-Newton EPIC MOS image of the field of RX J0002+6246 
in the 0.3-2 keV energy range. North is to the top, east to the left. The 
imagine has been smoothed with a Gaussian function with kernel radius of 
three. The image shows the hint of faint diffuse emission (to the south-west) 
discussed in Sect. 12. 1.3] 



Reference System is 0'.'2 in each coordinate). The lack of other X- 
ray sources with clear optical/infrared identification does not allow 
us to unambiguously register the X-ray image on the optical plates. 

With respect to the nominal ROSATfPSVC position of 
RXJ0 002 +6246 reported by the WGACAlffl Rev. 1 l lWhite et al.l 
Il994h and lHailev & Craid l ll995l) . the positional offset of the XMM- 
Newton source is 12.6". The astrometric accuracy of the WGA- 
CAT catalog is roughly 13" (Icr error). The source positions are 
then well consistent within the uncertainties. Since no other X-ray 
source is consistent with the ROSAT position of RX I0002-^6246, 
here and in the subsequent discussion we assume that the source 
detected in the EPIC cameras and RX J0002-I-6246 are the same 
X-ray source. 



2.1.1 Absolute astrometry 

The brightest point source in the 0.3-2 keV image (Fig. [TJ is 
detected near the centre of the field of view. The EMLDETECT 
routine reports a best-fit position of R.A. = 00''02™55':8, 
Decl. = 62°46'17"9 (epoch J2000), with an uncertainty of 0"2. 
This (I (t) uncertainty is statistical and does not include the system- 
atic uncertainty in XMM-Newton pointing. Given the brightness of 
the source, the statistical error is smaller than the absol ute astromet- 
ric ac curacy of XMM-Newton (l"5 root mean square: iKirsch et afl 
l2004h . 

We have detected about 40 point sources within the total 
field of view, most of them without an obvious counterpart at 
other wavelengths. We measured the position of the bright star 
TYC40I8-27 77-I, visible in X -rays, to be l"4 from its USNO- 
B 1 .0 catalo£| jMonet et alj2003h position, entirely consistent with 
the expected EPIC astrometric accuracy (the systematic uncertainty 
in connecting the USNO astrometry to the International Celestial 



2.1.2 Identification of infrared counterparts 

We searched for optical or infrared counterparts of RX J0002-I-6246 
around our best-fit position in various catalogs, including th e Two 
Micron All Sky SurvejQ (2MASS; ISkrutskie et al] 12006!) . The 
2MASS database covers the entire sky and its Point Source Catalog 
gives the positions and J (1.25 ytm), H (1.65 /im), and Kg (2.17 /im) 
magnitudes of its sources. The astrometric accuracy of this catalog 
is better than O'.'l. 

The only object from the 2MASS catalog with a position in- 
side the XMM-Newton error circle is 2MASS 00025569-1-6246175. 
This source lies at R.A. = 00''02™55';70, Decl. = 62°46'17'.'6 
(epoch 12000), only 0"6 from the centroid of the X-ray source. 
Its magnitudes are 10.32 ± 0.02, 9.94 ± 0.03, and 9.81 ± 0.03 
in the J, H, and Kg bands, respectively. The random chance 
probability of finding an object as bright in the near-infrared as 
2MASS 00025569-1-6246175 (or brighter) inside the XMM-Newton 
error circle (at a 99% confidence level) is smaller than 2 x 10~^, 



^ See http://xmm.vilspa.esa.es/. 

^ See |http://www.nofs.navy.mil/data/fchpix/| 



^ See |http://wgacat. gsfc.nasa.gov/wgacat/wgacat.html | . 
* Seeihttp://www.ipac.caltech.edu/2mass/] 
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making the association witli RX J0002+6246 very likely. The sec- 
ond closest infrared source to RXJ0002+6246 lies at more than 
10" from its X-ray position. 

2. 1.3 Diffuse X-ray emission 

The EPIC images hint the existence of a faint structure of diffuse 
emission located to the South- West of RX J0002-I-6246. Its sur- 
face brightness is of (7 ± 2) x 10~* counts s~^ arcmin^^ in the 
0.3-2 keV energy range. A detailed spectral analysis of such a faint 
feature is hampered by the low signal-to-noise ratio. 

This diffuse s tructure, also dete cted in ROSAT images, as well 
as in radio maps jCraig et al]|l997l , and references therein), cor- 
responds to an apparent North-East extension of the nearby SNR 
CTBI. Although the nature of such diffuse emission remains un- 
clear (it could be related to CTBI, or have a different origin - the 
region is complex and permeated by several diffuse features), it is 
most likely unrelated to RX J0002-I-6246. 

2.2 Timing analysis 

We searched for pulsed X-ray emission from RX J0002-I-6246 us- 
ing the high time resolution pn data (6 ms time resolution). Source 
photons were selected in the 0.3-2 keV energy range from a circu- 
lar region centred on RX J0002+6246 with radius of 30". Photon 
arrival times were converted to the solar system barycentre using 
the SAS task BARYCEN. For the barycentric correction, we used 
the position inferred from the MOS image fitting (see Sect. |2.U . 

We searched t he data for pulsations using the test 
( iBuccheri et"ai]|l983ll . with the number of harmonics n being var- 
ied from I to 4. We searched for a pulsed signal over a wide pe- 
riod range centred on the value suggested bv^H ailev & Craig| ( ll995h 
(0.24181 ± 0.00001 s). No statistically significant signal was de- 
tected. We found a 99% confidence upper limit on the pulsed frac- 
tion of 15 percent (assuming a sinusoidal m odulation). Indeed, also 
the detection of the modulation reported bv lHailev & Crai j ( Il995h 
was marginal. We then searched the data for pulsations to a mini- 
mum period of 12 ms, but we again did not detect any significant 
signal. 

2.3 Spectral analysis 

The source spectra were accumulated from circular regions (30" 
radius) centred on RX J0002+6246. The background spectra were 
extracted from source-free regions of the same chip as the source: 
annular regions with radii of 80" and 125" for the MOSs, and a 
rectangular region with area of ^^2.8 x lO"' arcsec^ located on the 
side of the source for the pn. We carefully checked that the choice 
of different background extraction regions did not affect the spec- 
tral results. During the observation, between 0.3 and 2 keV a to- 
tal of 905 ± 32 counts above the background were collected from 
RX J0002+6246 by the pn detector, 400 ± 21 by the MOS 1 detec- 
tor, and 422 ± 22 by the MOS 2 detector. 

Spectral redistribution matrices and ancillary response files 
were generated using the SAS scripts RMFGEN and ARFGEN, and 
spectra grouped with a minimum of 30 counts per energy bin were 
fed into the spectral fitting package XSPEcQ version 12.3. Spectral 
channels having energies below 0.3 keV and above 2.0 keV were 
ignored, owing to the very low counts from RX J0002-F6246. 

^ See http://heasarc.gsfc.nasa.gov/docs/xanadu/xspec/. 
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Figure 2. EPIC pn spectrum of RX J0002+6246. Upper panel: data and 
best-fit MEKAL model for the parameters given in Table[T] Lower panel: 
residuals in units of sigma. 

We jointly fit the spectra by MOS 1, MOS 2, and pn to a num- 
ber of different models including a blackbody, power-law, black- 
body plus powe r-law, two blackbodies, bremsstrahlung, Raymond- 
Smith plasrna teavmo nd & Smith 1973), MEKA L (MeweetaD 
ll985lll986l : rLiedahl et al.ll995l) . and APEC jSmith et al.l200 1). all 
co rrected for interstellar absor ption. The abundances used are those 
of lAnders & Grevessel (Il989[) and photoelectric a bsor ption cross- 
sections from'Baluci nska-Church & McCammonI jl992 ). The data 
are well described by the Raymond-Smith, MEKAL, and APEC 
models, with plasma temperatures of ~0.7 keV (see Table[T]for the 
best-fit model parameters), whereas all the other models yield sta- 
tistically unacceptable fits (with Xr > 1-5). In Fig.|2]the spectrum 
of RX J0002+6246 fitted with the MEKAL model is shown. 

3 DISCUSSION AND CONCLUSIONS 

The X-ray source RX J0002+6246 is clearly detected in the XMM- 
Newton images and its position is consistent with a rather bright 
star (2MASS 00025569+6246175). iHailev & Crai3 ( Il995h ruled 
out this star as a possible counterpart of RX J0002+6246 mainly 
for the angular separation of 12" from their X-ray position. How- 
ever, they relied upon a positional uncertainty of 10", a value that in 
subsequent releases of the WGACAT was conservatively increased 
to 13" (1 cr). Moreover, the source coordinates in the WGACAT 
are affected by a systematic erro^fl The recent (2001) Second 
ROSAT Source Catalog of Pointed Observations with the Posi- 
tion Sensitive Proportio nal Countefl (ROSPSPC CAT/2RXP) using 
the same observation of iHailev & Craiel ( Il995h provides more re- 
hable coordinates: R.A. = 00''02"55'!4, Deal. = 62°46'2l"0 
(epoch 12000). Adopting this position, the offset between the 
XMM-Newton and ROSAT positions decreases to 4'.'0, and that 
from 2MASS 00025569+6246175 to 4'.'0. 

With the J, H, and Ks magnitudes of RX 10002+6246/ 
2MASS 00025569+6246175 at hand (see Section |2T2t , we used 
the relation between the TVh of the X-ray best-fits (Table [T) and 

See Haberl F., Pietsch W., and Voges W., "Differences in the two 
ROSAT catalogs of pointed PSPC observations" (1994), and comments by 
White N. E., Angelini L., and Giommi P.. The document is available at 
pftp://ftp. xray.mpe.mpg.de/rosat/catalogues/sourcecat/wga_rosatsrc. html . 

See |http://www.mpe.mpg.de/xray/wave/rosat/rra/| 
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Table 1. Spectral results in the 0.3-2 keV energy range. Errors are quoted at the 90% confidence level for a single interesting parameter 



Model^ A^H ksT Metal abundances'^ Absorbed flux*^ Unabsorbed flux*^ Xr (d o.f.) 

(10^-'^ cm^^) (keV) (erg cm~^ s^-'^) (erg cm^^ s^-'^) 

RS 1.1 ±0.3 0.75 ±0.05 O.OQto.oa 1.3x10"" 2.4x10-^3 1.18(49) 

APEC l-4lo.4 0.66tg;°4 0-10-0.02 1.3x10-13 2.6x10-^3 1.00(49) 

MEKAL 1.5 ±0.3 0.64 ± 0.04 0.09 ± 0.02 1.3x10-13 2.8x10^13 0.93 (49) 



^ Models applied in XSPEC notation: RS = PHABS*RAYMOND, APEC = PHABS*APEC, and MEKAL = PHABS*MEKAL. 
With the abundance ratios of l Anders &Grevesse|jl989l) . 
Flux in the 0.3-2 keV energy range. 



the interstellar extinction of lPredehl & Schmitll ( Il995h . as well 
as the relations betwe en the extinctions at different wavelengths 
of lCardelli et al.l ( Il98^ to derive the intrinsic colours of the source 
(J-H)o — 0.30 and (H-K)o — 0.06. In a similar way, taking optica l 
photometric data from the Tycho-2 Catalogutl3 ta0g et al.ir2000l) . 
we derived also the colour (B-V)o — 0.50. These values are con- 
sistent with a F or G type star in the case of a main-sequ ence star, 
or with a G type in the case of a supergiant (e.g.. lCoxl200gi In par- 
ticular, the intrinsic colours point to a F7-type main-sequence star. 

In the reasonable frame of a F7-type main-sequence star, 
the expect ed absolute optical magnitudes is My — 3.4 (e.g., 
ICoxl I2OO0I : IZom beck 2007), implying a distance of ~230 pc. 
Such a relatively small distance is well consistent with the mea- 
sure of the photoabsorption derived from the best-fitting mod- 
els of the X-ray spectrum (A^h — 1-5 x 10^^ cm^^, see Ta- 
ble [TJ. This value is in fact significantly smaller than the 
measurements of the inte rstella r hydrogen in this d irection by 
iDickev & LockmaiJ ( Il990h and iKalberla et all fcOOSh . that give 
A'h values of ~(6-7) x 10^^ cm-^. The X-ray-to-optical flux ra- 
tio is log(/x//v) — —3.3, in good agr eement with the valu e of 
(log(/x//v)> = -3.7 ± 0.7 obtained bv [Krautter et al.l fT999l) av- 
eraging ROSATfPSPC and optical data on a sample of 53 F-type 
stars. This scenario is further confirmed by the X-ray spectrum of 
RX J0002-I-6246 measured by XMM-Newton that is well fit by ei- 
ther the APEC or MEKAL codes, with temperatures typical of 
non-degenerate stellar atmospheres. 

Based on the accurately identified counterpart (thanks to 
XMM-Newton imaging capabilities) as well as on the spectral prop- 
erties of RX J0002-I-6246, together with the lack of an associated 
SNR and the absence of X-ray pulsations, we conclude that the 
source is not a neutron star (in any of its manifestations, includ- 
ing a CCO) and its properties are clearly consistent with a non- 
degenerate star. 
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